INTRODUCTION
When energy-dispersive (ED) spectrometers are used for quantitative electron-probe microanalysis it is necessary to process the ED spectra before reliable x-ray intensity measurements can be achieved. Processing involves subtracting the background to provide an accurate measure of the peak intensity and also dealing with any overlap from neighbouring x-ray lines. Although methods exist for analysing elements of atomic number above eleven, see for example (1, 2) , it is by no means certain they are suitable for lighter elements.
We have been investigating the prospects of carrying out quantitative light element analysis using an EDAX ECON detector coupled with a 711 analyser. In addition to comparing quantitative ED results with corresponding wavelength-dispersive (WD) data, some comments are made concerning ED detection sensitivities for carbon, nitrogen and oxygen.
QUANTITATIVE ANALYSIS
Here we shall assess new methods for dealing with background removal and overlapping peaks in soft x-ray ED spectra.
The new technique of background subtraction takes into account an artefact, or 'spur', discovered in the background as well as the noise counts (3), and then deals with the residual x-ray continuum (4) using a method developed by Smith et al (5) which itself is based upon Kramer's Law. This method is then compared with that based upon linear interpolation of the x-ray background beneath the x-ray peak. The latter can be applied only if there are no problems of peak overlap and, has been used merely as a basis for comparison. Assessment of both techniques, is carried out using a series of specimens and standards and then comparing the respective nett peak intensity ratios with similar data obtained from WD measurements where the problem of background subtraction is trivial.
In order to deal with the peak overlap problem those peaks which contribute to the overlap are recorded from pure element standards and backgrounds are then removed. These spectra are then added together and their respective intensities adjusted so that when superimposed on the calculated background for the specimen the resultant profile matches that of the overlapped peak. Correspondence is achieved using least squares analysis (4).
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JOURNAL DE PHYSIQUE A l l specimens and standards were given a f i n e p o l i s h and non-conducting m a t e r i a l s were c o a t e d with a t h i n ('LlOnm) l a y e r of gold; ( i n t h e s e c a s e s t h e corresponding standard was s i m i l a r l y c o a t e d ) . X-ray measurements were c a r r i e d o u t using a JEOL JXA-50A microanalyser f i t t e d with a c o l d f i n g e r which was operated throughout t h e a n a l y s i s t o minimise contamination.
The take-off angle f o r both ED and WD spectrometers was 35O s o t h e x-ray d a t a obtained were d i r e c t l y comparable. TABLE 1. ~n t e n s i t y Ratios. F l u o r i n e , oxygen and carbon standards a r e MgF A 1 0 and g r a p h i t e r e s p e c t i v e l y .
2 ' 2 3 Table 1 
l i s t s t h e f i r s t s e r i e s of specimens and standards used, t o g e t h e r with t h e x-ray l i n e being measured; theye samples were s e l e c t e d such t h a t no o v e r l a p problems a r o s e . Figure 1 shows t h e low energy end of t h e E D spectrum from ~i 3 N 4 , i n which t h e n i t r o g e n K peak i s c l e a r l y resolved from t h e n o i s e counts a t i 140eV. Linear i n t e r p o l a t i o n of t h e background i s shown by t h e d o t t e d l i n e and counts below t h e l i n e were s u b t r a c t e d from t h e t o t a l counts under t h e peak t o g i v e t h e n e t t
nitrogen peak i n t e n s i t y . This procedure was c a r r i e d o u t a t 7 and 15 keV f o r t h e specimens and standards l i s t e d i n Table 1 and t h e d a t a presented a s x-ray i n t e n s i t y r a t i o s (k = Ispec/~stnd) a l s o i n Table 1 . Corresponding k r a t i o s a r e included f o r t h e WD r e s u l t s , and h e r e it was necessary t o i n t e g r a t e t h e peaks i n o r d e r t o minimise t h e e f f e c t s of chemical bonding on peak shape ( 6 ) . It m y be seen t h a t w h i l s t agreement between t h e E D and WD d a t a is reasonable f o r f l u o r i n e , it becomes p r o g r e s s i v e l y worse with decrease i n atomic number, i r r e s p e c t i v e of whether a probe voltage of 7 o r 15keV was used. The r e s u l t of applying our new method of background s u b t r a c t i o n t o t h e Si3Nq spectrum i s shown by t h e unbroken l i n e i n f i g u r e 1. I t i s c l e a r t h a t t h e n e t t n i t r o g e n peak i n t e n s i t y given i s appreciably higher than with l i n e a r i n t e r p o l a t i o n . Data obtained from a l l systems a r e included i n Table 1 . I t may b e seen t h a t c l o s e correspondence of k values i s achieved with t h e r e s p e c t i v e WD d a t a , from which it may be concluded t h a t our technique g i v e s s a t i s f a c t o r y r e p r e s e n t a t i o n of t h e background under t h e peak and allows s e n s i b l e q u a n t i t a t i v e ED d a t a t o b e obtained i n l i g h t element work.
A second s e r i e s of samples l i s t e d i n Table 2 a r e a l l l i k e l y t o p r e s e n t some overlap i n t h e s o f t x-ray region of t h e s p e c t r a . An E D spectrum i s i l l u s t r a t e d i n f i g u r e 2 4
t h e d o t t e d l i n e showing t h e background c a l c u l a t e d using our method (note t h e small d i s c o n t i n u i t i e s a s s o c i a t e d with t h e K absorption edge f o r oxygen and t h e L a b s o r p t i o n edge f o r i r o n ) . In f i g u r e 2b a r e shown t h e deconvoluted peaks f o r t i t a n i u m L, oxygen K and i r o n L l i n e s a f t e r background s u b t r a c t i o n . A s i m i l a r p a i r of diagrams is shown f o r q F 2 i n f i g u r e s 3a and 3b. In t h i s example t h e r e s p e c t i v e x-ray e n e r g i e s a r e 677eV ( f l u o r i n e K ) and 637eV (manganese L) i . e . t h e peaks a r e only s e p a r a t e d by 40eV. 
Similar r e s u l t s were obtained f o r t h e o t h e r systems s t u d i e d .

Using t h e standards l i s t e d i n Table 2 x-ray i n t e n s i t y r a t i o s ( k ) were obtained and t h e s e a r e a l s o given i n t h e t a b l e ( a f t e r a p p l i c a t i o n of our background and o v e r l a p c o r r e c t i o n s ) . Included a s well a r e corresponding k values obtained using WD methods; n o t only was t h e r e no background s u b t r a c t i o n problem with t h e s e measurements, b u t a l s o t h e good s p e c t r a l r e s o l u t i o n of t h e system meant t h a t a l l x-ray l i n e s were c l e a r l y resolved. The E D r e s u l t s d i f f e r by only a few percent from t h e WD values which i n d i c a t e s t h a t our method f o r d e a l i n g with overlapping peaks i n t h e s o f t x-ray region works very s a t i s f a c t o r i l y ,
Detection s e n s i t i v i t i e s f o r t h e elements carbon, n i t r o g e n and oxygen were determined using samples of S i c , S i N and A 1 0 r e s p e c t i v e l y . The t o t a l counts 3 2 . 3 under t h e peak (5 70eV e i t h e r s i d e 02 t h e maximum) were recorded. The background (B) was then c a l c u l a t e d f o r t h i s channel width and t h e n e t t peak counts ( P ) determined. The s e n s i t i v i t i e s were c a l c u l a t e d according t o 3CA ( B / P~) '
where C i s t h e concentration of t h e l i g h t element i n t h e specimen. Measurements A . were c a r r l e d o u t using a specimen c u r r e n t of 0.5nA f o r 200 seconds ( ' r e a l ' t i m e ) a t s e v e r a l d i f f e r e n t k i l o v o l t a g e s . R e s u l t s f o r t h e t h r e e systems a r e i l l u s t r a t e d i n f i g u r e 4. The d a t a show t h a t t h e r e i s an optimum voltage f o r each element i n t h e s e specimens. The minimum i n t h e curve a r i s e s because t h e r e i s an i n c r e a s e i n t h e i n t e n s i t y of generated x-rays with kV b u t t h i s i s counteracted by an i n c r e a s e i n absorption a s t h e x-rays a r e e x c i t e d a t g r e a t e r depths i n t h e t a r g e t . The optimum d e t e c t i o n s e n s i t i v i t i e s were: f o r carbon i n S i c , 0.3wt% a t 5kV; f o r n i t r o g e n i n Si3N4, 0.5wt% a t 7kV; f o r oxygen i n A1203, 0.12wt% a t IlkV. S t a t i s t i c s would l e a d one t o b e l i e v e t h a t t h e s e f i g u r e s could b e improved by using longer counting times b u t then o t h e r problems may a r i s e t o i n s t a b i l i t y i n t h e equipment and contamination of t h e specimen. Nevertheless t h e y s e r v e a s a u s e f u l quide t o what may b e achieved. C e r t a i n l y t h e y a r e much b e t t e r than previously published d a t a i n which l i t t l e o r no attempt had been made t o d e a l properly with background s u b t r a c t i o n .
The values w i l l depend upon t h e system being analysed. For example, carbon s e n s i t i v i t y f i g u r e s i n Fe3C tend t o be lower ('LO. 18wt%) than in S i c because, although t h e background l e v e l i s h i g h e r i n t h i s m a t e r i a l , absorption of carbon r a d i a t i o n i s l e s s than i n S i c . C l e a r l y , then, each system h a s t o be considered s e p a r a t e l y when quoting d e t e c t i o n s e n s i t i v i t i e s and any o v e r l a p problems undoubtedly w i l l adversely a f f e c t t h e values. 
CONCLUSIONS
A method of background s u b t r a c t i o n has been developed which can deal properly with l i g h t element E D s p e c t r a . It i s a l s o shown t h a t problems due t o peak overlap in t h i s region of t h e spectrum may be s a t i s f a c t o r i l y solved. Application of t h e s e techniques enables q u a n t i t a t i v e l i g h t element a n a l y s i s t o b e achieved from ED s p e c t r a , and a l s o improves l i g h t element d e t e c t i o n s e n s i t i v i t i e s . 
